Devices based on intersubband ͑ISB͒ transitions, such as quantum cascade lasers ͑QCLs͒ and quantum well ͑QW͒ infrared photodetectors, are being extensively studied due largely to their potential applications.
1 Most of the ISB devices demonstrated so far have been fabricated with III-V compound semiconductors. 2, 3 Band structure engineering has made it possible to achieve ISB devices operating over a wide spectrum range without the need to change the material system. For example, QCLs that emit in a very wide wavelength range ͑ϳ3.4-24 m͒ have been realized with InPbased InGaAs/ InAlAs material system 4,5 after the first demonstration by Faist et al. in 1994. 6 However, most of these demonstrated devices can only be performed at cryogenic temperature with pulsed operation mode and relatively low power outputs. So far, the shortest wavelength that has been achieved for a QCL operating at room temperature ͑RT͒ is ϳ4 m with a strain compensated InGaAs/ InAlAs heterostructure. 7 One of the reasons why it is difficult to achieve RT short wavelength operation is the limited conduction band offset ͑CBO͒ of the heterostructures used. For some applications such as trace gas sensing, infrared lasers with wavelength shorter than 4 m operating at RT are required. 2, 8 To achieve QCLs operating at high temperature with a shorter emission wavelength, materials with larger CBO must be used. One approach to achieve the larger CBO is to use the type-II band alignment in InAs/ AlSb, InGaAs/ AlAsSb, [9] [10] [11] and ͑CdS / ZnSe͒ / BeTe. 12, 13 However, the growth of these materials is more difficult, due to the lack of common ions, and the type-II structure may introduce additional complications in the operation of the device. The only effort on achieving shorter wavelength devices with a material having a type-I band alignment has been with the wide band gap GaN / AlGaN system. [14] [15] [16] [17] Although ISB absorption in QWs at wavelength as short as 1.08 m has been observed, 18 the poor material quality ͑high defect density and poor interfacial quality due to the lack of lattice-matched substrate͒ makes it very difficult to realize a practical working device. We propose that a wide band gap II-VI material system, Zn x Cd ͑1−x͒ Se/ Zn x Ј Cd y Ј Mg ͑1−x Ј −y Ј ͒ Se, which has a large CBO with a type-I band alignment and can be grown lattice matched on InP substrates, is a very promising candidate for realizing shorter wavelength ISB devices operating at RT. By simply changing the composition, the band gap of the barrier layer, Zn x Ј Cd y Ј Mg ͑1−x Ј −y Ј ͒ Se, can be tuned continuously from 2.1 to 3.6 eV. 19 Red-green-blue full color light emitting diodes and photopumped lasers have been demonstrated by using this material system. [20] [21] [22] Contactless electroreflectance measurements reveal that a CBO as large as 1.12 eV can be achieved in the material system. 23 In this letter, we report the observation of ISB absorption in Zn x Cd ͑1−x͒ Se/ Zn x Ј Cd y Ј Mg ͑1−x Ј −y Ј ͒ Se multiple quantum wells ͑MQWs͒ lattice matched to InP substrates. For two samples with Zn x Cd ͑1−x͒ Se well widths of 28 and 42 Å and a Zn x Ј Cd y Ј Mg ͑1−x Ј −y Ј ͒ Se barrier band gap of 2.9 eV, peak absorption wavelengths at 3.99 and 5.35 m, respectively, were observed.
The samples were grown by molecular beam epitaxy ͑MBE͒ on ͑001͒ semi-insulating InP in a dual-chamber Riber 2300P MBE system. After the removal of oxide layer and the growth of a 0.15 m InGaAs buffer layer in the III-V growth chamber, the samples were transferred through vacuum modules to the II-VI growth chamber. The InGaAs surface was exposed to a Zn flux for 10 s followed by the growth of a 10 nm ZnCdSe buffer layer at 200°C. The substrate temperature was then raised to 300°C to grow the subsequent layers. To ensure the lattice matching of both the Zn The growth rate and doping concentration were determined from separate calibration layers. These layers were also grown to optimize the growth conditions. The results obtained from double-crystal x-ray diffraction rocking curve measurements indicate the excellent structural quality of the samples. 24 Photoluminescence ͑PL͒ measurements were carried out at 77 K and room temperature with the UV line ͑325 nm͒ of a He-Cd laser as the excitation source. For ISB absorption measurements, the samples were polished to a multiple-pass waveguide geometry with parallel 45°facets ͓see the inset of Fig. 2͑a͔͒ . The absorption measurements were performed at RT using a Bomem MB-100 Fourier transform infrared ͑FTIR͒ spectrometer. A cooled HgCdTe detector was used. Figure 1͑a͒ shows the PL spectra of the two samples at 77 K. Sharp peaks from the MQWs can be seen from both samples with no traces of any deep level emissions. The peak at ϳ568 nm is the emission from the Zn x Cd ͑1−x͒ Se cap layer. The full widths at half maximum ͑FWHMs͒ of the PL emission peaks of the two samples are 40 and 42 meV, an evidence of good material quality. As shown in Fig. 1͑b͒ , a well-behaved quantum shift is observed, as the PL emission moves to higher energy with the decrease of well width. In Fig. 1͑b͒ , the solid line is the calculated transition energy as a function of well width, based on the envelope function approximation. Excellent agreement between the calculated transition energies and the experimental results is observed. In the calculations we assumed that Q c = 0.80 determined in our previous study, 25 where Q c = ⌬E c / ⌬E g is the fraction of the band gap difference ⌬E g that is in the conduction band. The band gaps of the Zn x Ј Cd y Ј Mg ͑1−x Ј −y Ј ͒ Se barrier and Zn x Cd ͑1−x͒ Se well were determined from calibration layers. The calculation of the effective masses was carried out in the same way that was described in Ref. 25 . Figure 2͑a͒ shows the normalized absorbance of the samples at room temperature. The spectra were obtained by taking the ratio of P-polarized spectra over S-polarized spectra. For samples A and B with well widths of 28 and 42 Å, peak absorptions p at 3.99 m ͑0.31 eV͒ and 5.35 m ͑0.23 eV͒, respectively, were obtained. The absolute absorption for sample A is about 75%. Taking into account the dimension of the waveguide sample, a single pass absorption of 4.6% is obtained. Fitting by a Gaussian line shape gives the FWHM ͑⌬E͒ values of 55 and 28 meV for the two samples. For both samples, ⌬E / E peak is of the order of 10%, which is typical for a bound-to-bound transition and comparable to the values obtained for the well-studied III-V semiconductors.
1 For sample B, a second, weaker absorption peak is seen at ϳ0.5 eV. We tentatively attribute this peak to the bound-to-continuum absorption in the well, but additional work is needed to confirm this assignment.
The peak absorption wavelength as a function of QW width was plotted in Fig. 2͑b͒ wavelength might be possible if a wider band gap barrier layer is used. A maximum band gap of 3.6 eV can be obtained with this material system. Also, the use of strain compensated structures may result in shorter wavelength devices.
In conclusion, we report the observation of ISB transitions in wide band gap 
